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(57) ABSTRACT

A seamless can body 1n which the flatness of a center panel of
a bottom of the thin can body can be stably maintained and the
can body has high pressure resistance, high formability, and
excellent properties for an internal pressure test. The seam-
less can body has a can bottom shape having a rim portion
protruding to an outside of the can, an annular concave por-
tion protruding to an 1nside of the can, and a flat center panel
extending continuously from an inner peripheral side of the
annular concave portion with a corner portion interposed
therebetween. The curvature radius (R ) of the corner section
1s in the range of 1.5 mm<R,=6.0 mm, the depth of the
annular concave section 1s from 1.5 mm to less than 3.0 mm,
and the flatness (BSD) of the center panel 1s from -0.135 to
0.15 mm.

5 Claims, 3 Drawing Sheets
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1
SEAMLESS CAN BODY

TECHNICAL FIELD

The present invention relates to a seamless can body and
particularly to a seamless can body having a flat center panel
at a can bottom.

BACKGROUND ART

Conventionally, employed 1n general as an internal pres-
sure test method of a can filled with content such as alow-acid
beverage, e.g., collee and tea mnto the can and sealed are an
internal pressure test method for testing whether an internal
pressure 1s appropriate by measuring a displacement amount
in the axial direction of a center panel of a negative-pressure
can formed by forming the center panel of a can bottom of a
seamless can body into a tlat shape and filling content into the
seamless can body and sealing the can body or a slightly-
positive-pressure can formed by filling and sealing the can
alter replacing a head space with inert gas such as nitrogen 1n
order to reduce thickness of the seamless can body or an
internal pressure test method (called a tapping inspection) for

testing whether internal pressure 1s appropriate by applying,
an electromagnetic shock to the center panel and measuring a
tapping mspection sound (resonance frequency). It 1s known
that, in these internal pressure tests of the can, the test can be
carried out with higher accuracy when flatness of the center
panel 1s high. Therefore, in a manufacturing process of the
seamless can body, 1t 1s an 1mportant factor to increase the
tflatness ol the center panel ol the can bottom 1n order to obtain
the seamless can body having excellent suitability for the
internal pressure tests by the above-described internal pres-
sure test methods and various contraptions for keeping the
can bottom flat have been proposed conventionally.

As a seamless can body for positive pressure and having
high pressure resistance in spite of use of thin-walled material
and an aptitude for the tapping inspection, there 1s a known
seamless can body including, on 1ts can bottom, a rim portion
protruding to an outside of the can, an inner wall portion
rising from an iner peripheral side of the rnm portion, an
annular concave portion protruding to an inside of the can,
and a tlat center panel portion extending continuously from an
inner peripheral side of the annular concave portion with a
corner portion interposed therebetween (see Patent Docu-
ment 1).

The flatness of the center panel 1s defined by a distance of
outward or inward bulging of a center portion of the center
panel with respect to an outer peripheral end of the center
panel as a basis surface (referred to as “bottom sink difference
(BSD)”, 1n general). The BSD 1s influenced by characteristics
of metal materials and various forming conditions and 1s also
influenced, in a case of a seamless can body obtained by
drawing/ironing or wall-thinning drawing (stretch drawing)/
ironing, by assist air pressure for removing the can body from
a punch after the ironing and therefore 1t 1s difficult to control
the flatness 1n such a range that the can body can be adapted
to the above-described nner pressure test (see Patent Docu-
ment 2).

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: JP 2000-16418 A
Patent Document 2: JP 56-77038 A
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2
SUMMARY OF INVENTION

Problem to be Solved by the Invention

Normally, the can bottom of the seamless can body 1is
formed by a punch and a bottom die corresponding to a shape
of the can bottom at the time of the above-described 1roning
(when the ironing 1s finished). On the other hand, in the
seamless can body disclosed 1n Patent Document 1 described
above, a radius R of an 1mner curvature of the corner portion
near the annular concave portion of the can bottom 1s formed
to be as small as 0.5 mm to 1.5 mm. Therefore, an excessive
tensile load 1s applied to the corner portion or a portion near
the corner portion during forming of the can bottom by using
the punch and the bottom die to cause constriction of thick-
ness (decrease 1n thickness) at a portion 1n a circumierential
direction of the corner portion and therefore the tensile load
applied to the center panel becomes non-uniform 1n the cir-
cumierential direction. As a result, the flatness of the center
panel 1s impaired and a decrease rate of the thickness of the
annular concave portion increases to cause a crack or a cut.
Such phenomena become noticeable especially when the
seamless can body 1s made thin-walled.

On the other hand, 1n a seamless can body formed by using,
a covered metal plate obtained by covering a metal plate made
of aluminum, tin, tin-free steel, or the like with a resin film
made of polyester resin or the like, the resin film of the corner
portion may be damaged due to a small radius of curvature of
the corner portion. Especially when the damage 1s caused on
the inner surface of the seamless can body, the content dete-
rioration 1n flavor or corrosion or the like occurs due to expo-
sure of a metal face.

The present invention has been made with these problems
in the prior art 1n view and its object 1s to provide a seamless
can body having suitability for the internal pressure test,

excellent 1n formabality or the like, and excellent 1n pressure
resistance or the like in retort sterilization.

Means for Solving the Problems

The present mventors have achieved the present invention
by taking note of facts that a radius of curvature of a corner
portion provided between an mnner peripheral side of an annu-
lar concave portion protruding to an inside of the can and a flat
center panel on a can bottom has a major impact on tlatness of
the center panel and formability and that variation in the
flatness of the center panel 1s evened out to be able to obtain
a seamless can body excellent 1n suitability for the internal
pressure test and formability by setting the radius of curvature
to an appropriate value.

According to the invention, provided 1s a seamless can
body having a can bottom shape comprising: a rim portion
protruding to an outside of the can; an annular concave por-
tion adjacent to an inner side of the rim portion and protruding
to an 1nside of the can; and a center panel extending continu-
ously from an inner peripheral side of the annular concave
portion with a corner portion interposed therebetween, and
being flat, wherein a radius R, of curvature of the comer
portion 1s 11 a range ol 1.5 mm<R;=<6.0 mm, a depth of the
annular concave portion 1s equal to or greater than 1.5 mm and
smaller than 3.0 mm, and flatness (BSD) of the center panel 1s
—-0.15 t0 0.15 mm.

Further, in the seamless can body according to the inven-
tion, it 1s preferable that:

1. the seamless can body 1s formed by an aluminum plate
and a thickness of the can bottom 1s 0.2 mm to 0.4 mm;
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2. the seamless can body 1s formed by a steel plate and a
thickness of the can bottom 1s 0.1 mm to 0.3 mm;

3. the seamless can body 1s for a slightly-positive-pressure
can; and

4. the seamless can body 1s a seamless can body with at
least an 1nner surface covered with resin.

FEftects of Invention

According to the seamless can body in the invention, 1t 1s
possible to obtain the seamless can body capable of maintain-
ing high flatness of the center panel of the can bottom and
excellent in the suitability for the internal pressure test and the
formability and excellent in the pressure resistance. Further-
more, the decrease 1n the thickness of the annular concave
portion of the can bottom can be prevented and a crack and a
cut can be prevented. Especially 1n the seamless can body
having the inner surface covered with resin, damage to the
resin at the annular concave portion can be prevented.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a sectional view showing a can bottom shape of a
seamless can body according to the present invention.

FI1G. 2 1s an enlarged view of an essential portion of the can
bottom shape of the seamless can body according to the
invention.

FIG. 3 1s an enlarged view of an annular concave portion
and a corner portion (panel edge) of the can bottom shape of
the seamless can body according to the invention.

FIG. 4 1s a sectional view showing a can bottom shape of a
seamless can body according to the present invention, includ-
ing an enlarged view illustrating an inner surface of the seam-
less can body.

EXPLANATION OF NUMERALS

1 Seamless can body

2 Rim portion

3 Annular concave portion

5 Center panel

6 Arc-shaped portion of annular concave portion
7 Straight portion

8 Corner portion

9 Starting point

10 Resin

DESCRIPTION OF EMBODIMENTS

A seamless can body according to the present mvention
will be described below 1n detail based on the drawings.

The seamless can body 1 according to the invention 1s a
scamless can body formed by a metal plate made of alumi-
num, tin, tin-free steel, or the like or a seamless can body
formed by a covered metal plate formed by covering at least
one surtace of the metal plate on an 1nner side of the can body
with a resin {ilm made of polyester or the like.

As shown 1n FIG. 1, the can bottom of the seamless can
body 1 according to the mvention 1s formed by a rim portion
2 protruding to an outside of the can, an annular concave
portion 3 extending continuously from and adjacent to an
upper end of an inner wall of the rim portion 2 and recessed to
the 1nside of the can, and a flat center panel 5 extending
continuously from an iner wall side of the annular concave
portion 3 with a corner portion (center panel edge) 8 inter-
posed therebetween.
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As shown 1 FIGS. 2 and 3, 1n a can bottom shape of the

seamless can body 1 according to the ivention, a shape of a
connection between the annular concave portion 3 and the
center panel 5 1s such that a lower end portion of the rim
portion 2 1s an arc portion having aradius R, of curvature, that
an upper end portion of the annular concave portion 3 1s an arc
portion 6 having a radius R, of curvature, and that the annular
concave portion 3 and the panel edge of the center panel 5,
1.€., the corner portion 8 having a radius R, of curvature are
connected by a straight portion 7. A starting point 9 of the arc
of the corner portion 8 where the corner portion 8 and the flat
face of the center panel 5 are connected 1s an outer peripheral
end of the center panel 5.

In the seamless can body 1 according to the invention, by
setting the radius R, of curvature of the corner portion 8
between the annular concave portion 3 and the center panel 3
on the can bottom 1n a range of 1.5 mm<R,<6.0 mm, 1t 1s
possible to obtain the seamless can body excellent in flatness
of the center panel, pressure resistance, and formability as
shown 1n the example described later.

As 15 clear from the example described later, 11 the radius
R, of curvature of the corner portion 8 1s 1.5 mm or smaller,
an excessive tensile load 1s applied to the corner portion 8 or
a portion near the corner portion 8 during forming of the can
bottom to cause constriction of thickness (decrease 1n thick-
ness) at a portion in the circumierential direction of the corner
portion and therefore the tensile load applied to the center
panel becomes non-uniform 1n the circumierential direction.
As a result, the flatness of the center panel 1s impaired and
increase 1n a decrease rate of the thickness of the annular
concave portion 3 and a crack or a cut are likely to occur. Such
phenomena becomes noticeable especially when the seam-
less can body 1s made thin-walled.

On the other hand, 1f the radius R ; of curvature exceeds 6.0
mm, a diameter of the center panel becomes small and
responsivity ol a panel swelling amount to can inner pressure
becomes small and, as a result, suitability for an internal
pressure test and the pressure resistance are likely to decrease.
Theretore, by setting the radius R, of curvature of the corner
portion 8 1n the range of 1.5 mm<R,=<6.0 mm and preferably
in a range of 2.0 mm<R ,=<4.0 mm, 1t 1s possible to obtain the
scamless can body having increased flatness of the center
panel and excellent 1n the suitability for the internal pressure
test and the formability.

Moreover, a distance (bottom sink) (BS) from a ground
contact surface of the rim portion 2 of the can body to the
center panel 5 1s preferably 1n a range of 1.0 mm to 5.0 mm.
I1 the bottom sink (BS) 1s under than 1.0 mm, the center panel
5 may protrude further downward than the rim portion 2 to
impair a seli-standing property when inner pressure
increases. On the other hand, the distance exceeding 5.0 mm
1s not preferable because 1t causes decrease of an inner capac-
ity of the can body and increase of an amount of metal mate-
rials to be used as can materials.

Moreover, a distance (bottom counter sink) (CS) from the
ground contact surface of the rim portion 2 to the arc portion
6 having the radius R, of curvature of the annular concave
portion 3 1s preferably in a range of 1.0 mm to 8.0 mm. If the
(CS) 1s shorter than 1.0 mm, the pressure resistance
decreases. On the other hand, the (CS) exceeding 8.0 mm 1s
not preferable, because the forming becomes difficult and a
forming defect such as a crack occurs.

The radius R, of curvature of the annular concave portion
3 1s preferably 1n a range of 0.5 mm to 2.0 mm. The (R,)
smaller than 0.5 mm 1s not preferable, because the forming
becomes difficult and the forming defect such as the crack
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occurs. On the other hand, the (R, ) exceeding 2.0 mm 1s not
preferable, because the pressure resistance decreases.
Because the annular concave portion 3 performs an impor-
tant function of increasing the pressure resistance of the can
bottom of the seamless can body 1 in the seamless can body

1 according to the invention, a depth (CS-BS) of the annular

concave portion 3 1s preferably equal to or greater than 1.5
mm and smaller than 3.0 mm 1n terms of the pressure resis-
tance and the formability especially 1n a case in which the
invention 1s applied to the above-described slightly-positive-
pressure can formed by filling and sealing the can after replac-
ing the head space with the 1nert gas such as nitrogen. This
range 1s preferable, because the pressure resistance in the
retort sterilization or the like decreases when the depth 1s

smaller than 1.5 mm and the forming defect such as the crack

of the annular concave portion 3 occurs 1n forming when the
depth 1s 3.0 mm or greater.

The radius R, of curvature of the arc portion of the rim
portion 2 contributes to increase of stability of contact with
the ground and contributes, together with the annular concave
portion 3, to increase of the pressure resistance. The radius R,
1s preferably in a range of 0.5 mm to 2.0 mm, because the
forming becomes difficult and processing pressure in the
forming increases to cause the crack or the cut when the
radius R, 1s smaller than 0.5 mm and the pressure resistance
decreases when the radius R, exceeds 2.0 mm.

The seamless can body according to the invention 1s
applied to the seamless can body having the can bottom of the
above-described thickness and formed by using a metal plate
of a thickness 01 0.2 mm to 0.4 mm when the metal plate 1s an
aluminum plate and by using a metal plate of a thickness of
0.1 mm to 0.3 mm when the metal plate 1s a steel plate made
of tin or tin-free steel.

Especially, the seamless can body according to the mven-
tion 1s applied to the seamless can body having a can body
diameter of 53 mm to 66 mm (commonly referred to as a 202
diameter to 211 diameter can body).

The seamless can body according to the invention 1s
intended to 1mprove the suitability for the internal pressure
test of the negative-pressure can or the slightly-positive-pres-
sure can filled with low-acid beverage or the like and sealed
and 1s especially suitable for the purpose of preventing dam-
age 1o the resin film on the above-described cormer portion or
near the corer portion and deterioration of the content in
flavor or occurrence of corrosion caused by exposure of the
metal face in the seamless can body formed by drawing/
ironing or wall-thinning drawing (stretch drawing)/ironing
the covered plate obtained by covering at least one surface of
metal material which 1s on an inner surface of the can body
with resin such as polyester resin.

EXAMPLES

Evaluation

1. Flatness (BSD)

A distance (mm) of the center portion of the center panel
bulging outward or inward from a basis surface (0) which was
the outer peripheral edge of the center panel of the can bottom
was measured and defined as the flatness (BSD). The tlatness
was evaluated as follows.

O: -0.15=BSD=<0.15

x: BSD<-0.15 or BSD>0.15

10

15

20

25

30

35

40

45

50

55

60

65

6

2. Pressure Resistance

In the present example, the pressure resistance was evalu-
ated by using 490 kPa as a standard value 1n order to pass 470
kPa which was the standard of the pressure resistance against
buckling of the can bottom 1n the retort sterilization based on
the premise that the seamless can body would be used as the
slightly-positive-pressure can.

3. Formability

The formability was evaluated by wvisually checking a
decrease rate of the thickness of the straight portion 7 (be-

tween the center panel 5 and the annular concave portion 3)
provided between the corner portion 8 of the center panel and
the arc-shaped portion 6 of the annular concave portion 3 on
the can bottom and presence or absence of a forming defect
such as a cut (bottom crack) in the can bottom.

(O: No bottom crack, the decrease rate of the thickness was
less than 10%

A: No bottom crack, the decrease rate of the thickness was
10% or greater

x: Occurrence of the bottom crack
[Manufacturing of the Seamless Can Body]

A circular blank having a diameter of 128 mm was formed
by using a laminated plate formed by covering both sides
surface of an aluminum metal plate having a thickness 01 0.25
mm with a polyester film having a thickness of 16 um and the
circular blank was drawn by using a cupping press 1ito a cup
having a body diameter of 73 mm and a height of 40 mm.
Then, after redrawing/ironing the cup at a forming speed of
250 spm, an end portion of the cup was trimmed to obtain a
seamless can body having a can body thickness (Tw) o1 0.105
mm, a thickness of a can body end portion (T1) 010.175 mm,
a can bottom thickness (TB) of 0.28 mm, and a can body
height (BoH) of 143 mm. According to the embodiment 1llus-

trated 1n FI1G. 4, the can body have an 1inner surface and outer
surface covered with resin 10.

EXAMPLES

The seamless can bodies having radiuses R ; of curvature of
corner portions of the can bottoms of 1.5 mm, 2.0 mm, 4.0
mm, 6.0 mm, and 7.0 mm and depths (CS-BS) of annular
concave portions of 1.0 mm, 1.5 mm, 2.1 mm, 2.8 mm, and
3.0 mm were manufactured respectively.

The seamless can bodies having the radiuses R ; of curva-
ture of the corner portions of the can bottoms o1 2.0 mm to 6.0
mm which were in the range of 1.5 mm<R,=6.0 mm and the
depths (CS-BS) of the annular recessed portions of 1.5 mm,
2.1 mm, and 2.8 mm which were 1n the range of 1.5 mm=
(CS-BS)<3.0 mm were evaluated as respective examples and
the seamless can bodies having the radiuses R, of curvature
and the depths (CS-BS) of the annular recessed portions
which were out of the ranges were evaluated as respective
comparative examples.

Evaluationresults of the examples are shown in'Table 1 and
evaluation results of the comparative examples are shown 1n
Table 2.

In Table 2, “Not FEvaluated” means that the flatness, the
pressure resistance, and the thickness decrease rates for the
formability were not evaluated because a crack was produced
in the can bottom of the obtained seamless can body and the

seamless can body was not even 1n a shape of the seamless can
body.
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TABLE 1
Evaluation
Formability
Depth of Decrease
Annular Decrease in Thickness
Corner Concave in Thickness (Between Panel
Portion  Portion Flatness of (Corner and Annular Evaluation
R; (CS-BS) Center Panel Pressure Resistance Portion) Concave of
(mm) (mm) (BSD) (mm) (kPa) (%0) (%) Portion) Crack Formability
Example 1 2.0 1.5 0.13 o 515 o 4.9 4.4 None o
Example 2 2.0 2.1 0.10 o 567 o 5.6 5.0 None o
Example 3 2.0 2.8 0.07 0 605 o 8.1 8.5 None o
Example 4 4.0 1.5 0.10 o 502 o 3.2 2.6 None o
Example 5 4.0 2.1 0.08 0 530 o 4.1 4.1 None o
Example 6 4.0 2.8 0.06 o 569 o 0.8 7.4 None o
Example 7 0.0 1.5 0.09 o 491 o 2.8 1.9 None o
Example 8 6.0 2.1 0.07 o 511 o 3.3 3.0 None o
Example 9 0.0 2.8 0.05 o 522 o 0.1 7.0 None o
TABLE 2
Evaluation
Formability
Depth of Decrease
Annular Decrease in Thickness
Corner Concave in Thickness (Between Panel
Portion  Portion Flatness of (Corner and Annular Evaluation
R; (CS-BS) Center Panel Pressure Resistance Portion) Concave of
(mm) (mm) (BSD) (mm) (kPa) (%0) (%)Portion) Crack  Formability
Comparative 1.5 2.8 0.10 o 625 o 12.4 10.8 None A
Example 4
Comparative 1.5 3.0 Not evaluated Present X
Example 5
Comparative 2.0 1.0 0.15 0 470 X 4.0 3.2 None o
Example 6
Comparative 2.0 3.0 0.05 o 630 o 10.%8 13.5 None A
Example 7
Comparative 4.0 1.0 0.13 o 443 X 2.8 2.5 None o
Example 8
Comparative 4.0 3.0 0.05 o 575 o 8.9 12.4 None A
Example 9
Comparative 0.0 1.0 0.13 o 435 X 2.1 1.4 None o
Example 10
Comparative 6.0 3.0 0.05 o 549 o 7.3 11.3 None A
Example 11
Comparative 7.0 1.0 0.13 o 430 X 2.0 1.0 None O
Example 12
Comparative 7.0 1.5 0.09 o 476 X 2.7 1.7 None o
Example 13
Comparative 7.0 2.1 0.07 o 482 X 2.9 2.5 None o
Example 14
Comparative 7.0 2.8 0.05 o 488 X 5.2 6.4 None o
Example 15
Comparative 7.0 3.0 0.05 o 521 o 6.5 10.2 None A
Example 16

As aresult, 1t was found that the flatness of the can bottom, 55 can and the slightly-positive-pressure can and especially for

the pressure resistance, and the formability can be increased the slightly-positive-pressure can by maintaining high flat-
by satisfying the conditions that the radius R, of curvature of ness of the center panel of the can bottom, has the increased
the corner portion connected to the annular concave portion pressure resistance and formabaility, and therefore has wide
protruding to the inside of the can on the can bottom of the industrial applicability.

seamless can body 1s 1n the range of 1.5 mm<R ;=6.0 mm and 60

that the depth of the annular concave portion 1s equal to or The invention claimed is:

greater than 1.5 mm and smaller than 3.0 mm. 1. A seamless can body having a can bottom shape com-

INDUSTRIAL APPLICABILITY ptistiis. | |
«s  arim portion protruding to an outside ot the can:;

The seamless can body according to the mmvention can an annular concave portion adjacent to an inner side of the
adapt to the internal pressure test for the negative-pressure rim portion and protruding to an inside of the can; and
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a center panel extending continuously from an inner
peripheral side of the annular concave portion with a
corner portion interposed therebetween, and being {flat,

wherein a radius R, of curvature of the corner portion 1s 1n
a range of 1.5 mm<R;=6.0 mm, a depth of the annular
concave portion 1s equal to or greater than 1.5 mm and
smaller than 3.0 mm, and flatness (BSD) of the center
panel 1s =0.15 t0 0.15 mm, and

an outside diameter of said seamless can body 1s 53 mm to
66 mm.

2. The seamless can body according to claim 1, wherein the
seamless can body 1s formed by an aluminum plate and a
thickness of the can bottom 1s 0.2 mm to 0.4 mm.

3. The seamless can body according to claim 1, wherein the
seamless can body 1s formed by a steel plate and a thickness
of the can bottom 1s 0.1 mm to 0.3 mm.

4. The seamless can body according to any of claims 1 to 3,
wherein the seamless can body 1s for a lightly-positive-pres-
sure can.

5. The seamless can body according to any of claims 1 to 3,
wherein the seamless can body 1s a seamless can body with at
least an 1nner surface covered with resin.
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